Objective To investigate the association between mid-trimester residual cervical length (CL) and the risk of preterm birth in pregnancies after abdominal radical trachelectomy (RT).
Mid-trimester residual cervical length and the risk of preterm birth in pregnancies after abdominal radical trachelectomy: a retrospective analysis Y 
Introduction
The uterine cervix plays an important role in preventing spontaneous preterm delivery. With the recent development of fertility-sparing surgery, radical trachelectomy (RT) could potentially be used to treat stage IB1 cervical cancer. 1, 2 Since the cervix is widely resected, most institutions, including our hospital, perform prophylactic cerclage placement in the residual cervix in RT surgery. However, after RT women are still at a high risk of miscarriage and preterm birth caused by premature rupture of membranes (PROM), presumably owing to insufficient mechanical support and/or ascending infection. [2] [3] [4] [5] [6] The mid-trimester cervical length (CL) measurement by transvaginal ultrasonography (TVU) is one predictor of spontaneous preterm birth. 7 In current practice, routine CL screening is recommended in women at high risk of preterm birth to identify candidates for treatment with cerclage. [8] [9] [10] Additionally, CL measurement might have a benefit in predicting perinatal outcomes. For instance, several studies have shown that progressive cervical shortening or low cerclage height after ultrasound-or history-indicated cerclage increases the risk of preterm birth. [11] [12] [13] [14] [15] With regard to pregnancies after RT, Kim et al. 16 reported that residual cervical shortening was associated with late abortion. To our knowledge, however, there is a paucity of information on the association between the residual cervix and preterm birth in women who undergo abdominal RT, thus we decided to investigate the association between residual CL in the mid-trimester and the risk of preterm birth in pregnancies after abdominal RT.
Methods
We performed a retrospective cohort study of pregnancies in women who underwent perinatal care as well as abdominal RT including cervical cerclage placement at Keio University Hospital, Tokyo, Japan, between September 2002 and May 2016. Excluded from this study were cases of pregnancy loss before 22 weeks' gestation and cases without records of the mid-trimester residual CL. Women who developed placental abruption were also excluded because this condition could occur irrespective of cervical length, and pregnancies with placenta previa were excluded because they were at high risk for preterm birth. This study was approved by Keio University School of Medicine Ethical Committee (No. 20030107).
The surgical protocol of abdominal RT and perinatal management has been described in previous reports. 3, 17 At the time of surgery, at least 10 mm of uterine cervix was saved and permanent cerclage using nylon suture (#0 Ethibond â , Ethicon, IL, USA) was placed as close as possible to the internal os before suturing the residual cervix to the vaginal stump. A cross-section of the superior portion of the separated cervix was sent for frozen-section examination to evaluate the tumor-free status of the resection margin.
After conception, each woman attended our perinatal clinic for the first time at between 5 and 7 weeks' gestation. Thereafter, each underwent prenatal examination every other week until term. Perinatal management for pregnancy-related symptoms (i.e. premature labour, rupture of membranes, hypertensive disorders) was conducted at the discretion of the women's own obstetricians, based on the clinical recommendations of the Japan Society of Obstetrics and Gynecology. 18 Bed rest was recommended for all women from mid-trimester until term. None of the women were treated with vaginal progesterone. Potential intraoperative complications, including severe intra-abdominal adhesions, are a source of concern for patients as well as for obstetricians in pregnancies after abdominal RT. To avoid emergency cesarean section (CS) after the onset of labour, therefore, elective CS was performed at around 37 weeks' gestation unless women developed reasons [e.g. clinical chorioamnionitis (CAM) and abnormal vaginal bleeding] to intervene earlier. Clinical CAM was established based on the clinical findings: maternal tachycardia ≥ 100/minutes, uterine tenderness, purulent or malodorous amniotic fluid or maternal leukocytosis (e.g. white blood cell count ≥ 15 000/ll). 19 Residual CL measurement was performed by one of five obstetricians (K. Miyakoshi, D. O., K. Minegishi, T. M., and N. K.) using a 5.0-9.0-MHz transvaginal ultrasound probe (Siemens Healthcare K.K., Japan) at each visit. 20, 21 These obstetricians had at least 15 years' experience of transvaginal CL assessment, and three (K. Miyakoshi, K. Minegishi, and T. M.) are board-certified radiology fellows. The women were required to empty their bladder prior to the examination. Only minimal pressure was used to obtain a clear sagittal image of the cerclage suture, cervical canal and external cervical os. The residual CL, defined as the distance from the cerclage suture to the external cervical os, was measured three times and the shortest value was recorded at each visit ( Figure 1 ). In this study, the shortest CL measurement between 21 and 23 weeks' gestation (the mid-trimester) was used for analysis in each pregnancy.
Maternal background characteristics and perinatal clinical features, including residual CL, were obtained from the medical records. Fetal membrane rupture (i.e. visualisation of evident amniotic fluid passing from the cervical canal, or vaginal side wall or posterior fornix pH higher than 6.5) before term was described as preterm PROM. The diagnosis of histological CAM was made by the pathological examination of delivered placenta. Pregnancy-induced hypertension was defined as a blood pressure of at least 140/90 mmHg occurring for the first time after mid-pregnancy without pre-existing hypertension. In this study, we examined the association between residual CL in the midtrimester and gestational age at delivery. Furthermore, a predictive value of the mid-trimester residual CL was evaluated for the risk of birth before 34 weeks.
Data are presented as median (range) or number (percentage) in texts and tables, where appropriate. Continuous data were compared between groups by the WilcoxonMann-Whitney U-test. Categorical variables were analysed by the chi-square test or Fisher's exact test. The correlation between residual CL and gestational age at delivery was calculated using Spearman's correlation coefficient. The optimal cut-off value of residual CL for the prediction of birth before 34 weeks was calculated based on receiver-operating characteristics (ROC) curve analysis. Owing to the small sample size, overestimation of the effect of CL on the outcome was possible; therefore we performed a sensitivity analysis in two ways. We performed shrinkage analysis -a process used to give more conservative estimates in the case of a small sample size -of odds ratio (OR) and area under the ROC curve (AUC). 22 We also created 1000 bootstrapped samples from the original data for the outcome 'under 34 weeks' gestation', and from these samples calculated an average value for test characteristics sensitivity (SE), specificity (SP), positive predictive value (PPV) and negative predictive value (NPV), the OR for CL < 13 mm and AUC. Statistical analysis was performed using SPSS v 22 (IBM, Chicago, IL, USA). Sensitivity analysis was performed using SAS v 9.4; P < 0.05 was considered to be statistically significant.
Results

Maternal background characteristics and perinatal clinical features in pregnancies after abdominal RT
During the study period, there were 49 pregnancies in 38 women who underwent abdominal RT and perinatal care in our hospital. With regard to obstetric outcomes, 10 pregnancies ended in pregnancy loss: seven occurred before 12 weeks' gestation and three developed PROM followed by intrauterine fetal death between 13 and 21 weeks (Table S1 ). One developed placental abruption at 27 weeks, and two pregnancies complicated by placenta previa ended in preterm birth at 28 and 34 weeks. Additionally, mid-trimester residual CL was not documented in three pregnancies (Table S2) . As a result, 33 deliveries after 22 weeks of pregnancy in 30 women were analysed in this study. All women underwent permanent cerclage at the time of abdominal RT.
Maternal background characteristics and oncological/ perinatal clinical features of the study cohort are shown in Table 1 . All women were nulliparous at the time of abdominal RT. Of the 30 women, twenty-six had one baby (primiparous) and four gave birth to two babies during the study period. Of the latter four women, however, one developed placental abruption in her first pregnancy, which was excluded from the analysis.
There were nine deliveries before 34 weeks ( Figure 2 ). Of these, eight pregnancies ended in preterm birth caused by PROM. Histological evidence of CAM was noted in seven out of eight pregnancies with PROM. One woman developed massive bleeding from the residual cervix, leading to emergency CS. There was a significant correlation between mid-trimester residual CL and gestational age at delivery (r = 0.36, P < 0.05, Figure 3A ).
Mid-trimester residual CL for the prediction of preterm birth in pregnancies after abdominal RT
When analysing mid-trimester residual CL in association with preterm birth, there was a significant difference in the measurements between women who did and those who did not give birth before 34 weeks [11 mm (7À18 mm) and 15 mm (7À27 mm) mean median (range) of residual CL]. As a next step, we calculated the cut-off value of mid-trimester residual CL for the prediction of birth before 34 weeks using ROC curve analysis and we performed shrinkage analysis on the logistic regression beta ( Figure 3B ). Mid-trimester residual CL showed an AUC of 0.75 (95% CI, 0.56-0.92) with an SE of 67% (95% CI, 36-97%), an SP of 75% (95% CI, 63-95%), PPV of 55% (95% CI, 25-84%) and NPV of 86% (95% CI, 72-100%) for a cut-off value of 13 mm. Women with a mid-trimester residual CL of < 13 mm were at risk of giving birth before 34 weeks' gestation [OR, 7.6 (95% CI, 1.4-41.6)].
Sensitivity analysis
As expected, shrinkage analysis resulted in a decrease in value for both the OR for the predictor 'mid-trimester residual CL < 13 mm' and for AUC (OR, 5.4; AUC, 0.69). Bootstrapped validation of test characteristics, AUC and OR using 1000 bootstrapped samples were for the most part close to our original results. The AUC was found to be 0.75 (95% CI, 0.55-0.91) with an SE of 66% (95% CI, 33-100%), an SP of 79% (95% CI, 61-95%), a PPV of 55% (95% CI, 25-85%) and an NPV of 86% (95% CI, 71-100%) for a cut-off value of 13 mm. The bootstrapped OR obtained was 8.4 (95% CI, 1.5-1081245), larger than our original OR and with a wide CI, which may be due to extreme OR outliers.
Discussion
Main findings
Currently, vaginal or abdominal RT is feasible for the treatment of patients with early-stage cervical cancer as fertilitysparing surgery in gynecological oncology practice. 1, 2 In obstetric practice, however, women after RT are at high risk of preterm birth. [2] [3] [4] [5] [6] For instance, Speiser et al. 23 demonstrated that the rate of preterm birth before 32 weeks was 20% in women after vaginal RT. Ebisawa et al. 4 reported that PROM was the leading complication in pregnancies after total laparoscopic RT. It is noteworthy that the rate of preterm birth before 34 weeks' gestation caused by preterm PROM was 18% (11/60 cases) in our previous investigation. 3 Therefore, it is of clinical Figure 2 . Distribution of deliveries by gestational age in pregnancies after abdominal radical trachelectomy. ☐, no premature rupture of membranes (PROM); ■, deliveries complicated by PROM. Figure 3. (A) Correlation between mid-trimester residual cervical length and gestational age at delivery in pregnancies after abdominal radical trachelectomy. The correlation was analyzed using Spearman's correlation coefficient (r = 0.36, P < 0.05). (B) Receiver-operating characteristics (ROC) curve analysis for the prediction of birth before 34 weeks' gestation. A cut-off value of 13 mm had a sensitivity of 67%, specificity of 75%, positive predictive value of 55% and negative predictive value of 86%; area under ROC curve, 0.75.
importance to identify parameters related to preterm birth in women after RT. Based on our experience, the shorter residual cervix after abdominal RT appears to increase the risk of preterm birth. Ebisawa et al. 4 speculated that the presence of bacterial vaginosis might contribute to the development of PROM preceding preterm birth. However, information on pregnancy outcomes and predictors of preterm birth after RT was limited.
The important finding of this study is that mid-trimester residual CL was correlated with gestational age at delivery. Since all study participants had cervical cerclage in place, the residual CL was defined as the distance from the cerclage to the external cervical os. With regard to preterm birth, residual CL in women who gave birth before 34 weeks was significantly shorter than that in women who delivered after 34 weeks. Additionally, residual CL was a good predictor of birth before 34 weeks, with a cut-off value of 13 mm (OR, 7.6; SE, 67%; SP, 75%; PPV, 55%; NPV, 86%).
Strengths and limitations of the study
This is the first report of a significant correlation between residual CL and preterm birth in pregnancies after RT. In addition, our study cohort comprised patients who underwent perinatal care as well as abdominal RT in a single centre, which allowed us to review clinical features under standardised management. There are several limitations to the data interpretation in this study. First, the study design was retrospective and the sample size was small. To our knowledge, however, we used the largest cohort of pregnancies after abdominal RT in a single centre ever reported. Since this is an exploratory study, further research using a larger cohort is warranted for better understanding of the association between residual cervix and risk of preterm birth after abdominal RT. Second, all women underwent prophylactic cervical cerclage at the time of abdominal RT. To our knowledge, prophylactic cerclage is placed after removal of the cervix at the time of RT in most institutions. Therefore, our data should be useful for the clinical treatment of most pregnant women after RT. Ideally, the association between residual cervix and risk of preterm birth in a cohort of women without cerclage should be examined. Our surgical protocol of abdominal RT includes routine cerclage placement based on our earlier experience that pregnancies without cerclage ended in birth before 28 weeks' gestation after PROM. Therefore, we think that it would be unethical to change our surgical protocol to examine the association beween residual cervix without cerclage and gestational age at delivery. Several studies have shown the usefulness of CL measurement for the prediction of preterm birth after cerclage. [13] [14] [15] 20 Scheib et al. 13 demonstrated that cervical height is associated with the incidence of preterm birth in women with ultrasound-indicated cerclage. Although there are insufficient data to suggest CL surveillance following cervical cerclage, our data will be important for perinatal care in pregnancies after abdominal RT.
Interpretation
The uterine cervix is a key structure responsible for keeping the fetus inside the uterus until term by mechanical support and protection from ascending infection. Therefore, cervical damage from surgery (i.e. cone resection, cervical amputation and/or RT) may compromise its function. Several studies have demonstrated that women receiving large cone resection would have an increased risk of preterm birth. [24] [25] [26] In our study on pregnancies after abdominal RT, women with a shorter residual cervix were at a higher risk of preterm birth. In particular, women with a short cervix (i.e. residual CL < 13 mm) in the mid-trimester were at highest risk of birth before 34 weeks' gestation.
In light of the need to preserve fertility, at least 10 mm of healthy cervical stroma is generally saved in our surgical RT procedure. However, necrotic changes in the cervix might occur after surgery and the residual cervix might shorten during pregnancy. The duration from RT surgery to conception and method of conception (i.e. spontaneous conception, intrauterine insemination and in-vitro fertilisation-embryo transfer) were not associated with preterm birth (data not shown). In this study, a short cervix (i.e. residual CL < 13 mm) in the mid-trimester had good predictive value of birth before 34 weeks. Taking into account the good NPV, those women with a residual CL of ≥ 13 mm have a small chance of preterm birth. In our series, three out of nine women who delivered before 34 weeks (33%) had a residual cervical length > 13 mm at 21-23 weeks. Residual CL assessment could be used to reassure physicians and women that preterm birth is unlikely in pregnancies after abdominal RT.
When women with a short cervix have cervical cerclage in place, there are no additional treatment options to reduce the risk of preterm birth. Our results suggest that obstetricians should pay special attention to women with a mid-trimester residual CL of < 13 mm in pregnancies after abdominal RT. Additionally, routine examination of vaginal discharge and treatment of bacterial vaginosis might be beneficial. Further investigation should be performed to ascertain the optimal protocol to prevent preterm birth after abdominal RT.
Conclusions
This study revealed a significant association between residual CL and gestational age at delivery in pregnancies after abdominal RT. TVU is a reproducible and reliable test in obstetric practice. Currently, TVU CL assessment is recommended in low-as well as selected high-risk women for the prevention of preterm birth. 7, 27, 28 Mid-trimester cervical assessment by TVU could be used to stratify women after abdominal RT according to the risk of preterm birth. Our resuls suggest that women with mid-trimester residual CL of ≥ 13 mm have a small risk of preterm birth before 34 weeks' gestation in pregnancies after abdominal RT. Table S1 . Clinical features of women ending in pregnancy loss after abdominal radical trachalectomy. Table S2 . Clinical features of cases excluded from the analysis in this study. &
